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DETERIORATION DEGREE DIAGNOSIS nection portion , it is desired to accurately diagnose a dete 
DEVICE AND DETERIORATION DEGREE rioration degree of the electrical connection portion . 
DIAGNOSIS METHOD FOR ELECTRICAL The present invention is made in view of the above 

CONNECTION PORTION circumstances , and an object of the present invention is to 
5 provide a deterioration degree diagnosis device and a dete 

CROSS - REFERENCE TO RELATED rioration degree diagnosis method for an electrical connec 
APPLICATIONS tion portion , which are capable of accurately diagnosing a 

deterioration degree of an electrical connection portion 
This application is based on and claims priority under 35 between two metal members . 

USC 119 from Japanese Patent Application No. 2018- 10 In order to achieve the above object , the deterioration 
121874 filed on Jun . 27 , 2018 , the contents of which are degree diagnosis device for the electrical connection portion 
incorporated herein by reference . according to the present invention is characterized by the 

following structures ( 1 ) to ( 4 ) . TECHNICAL FIELD ( 1 ) A deterioration degree diagnosis device which diagnoses 
The present invention relates to a deterioration degree a deterioration degree of an electrical connection portion 

diagnosis device and a deterioration degree diagnosis between two metal members , the deterioration degree 
method for an electrical connection portion . diagnosis device includes : 

a measurement unit that is configured to measure an 
BACKGROUND ART 20 impedance related to a contact resistance of the electrical 

connection portion by measuring an AC voltage between 
In general , in a structure in which two metal members are metal members and an AC current flowing between the 

electrically connected via an electrical connection portion , metal members in a state where an AC signal of a prede 
for example , a male terminal and a female terminal of a termined frequency is applied to an electric circuit that 
connector , it is known that a contact resistance of the 25 connects two metal members in contact via the electrical 
electrical connection portion increases due to aged deterio- connection portion ; and 
ration caused by an oxidation reaction in a vicinity of the a diagnosis unit that is configured to diagnose a deterio 
electrical connection portion . When the aged deterioration ration degree of the electrical connection portion based on a 
progresses excessively , the electrical connection portion reactance component value in the impedance measured by 
reaches an insulation state , so that a conduction failure may 30 the measurement unit . 
occur between the two metal members . Accordingly , it is ( 2 ) In the deterioration degree diagnosis device according to 
important to establish a technique for diagnosing a deterio the above structure ( 1 ) , 
ration degree of an electrical connection portion . the diagnosis unit stores , as an initial val the reactance 

For example , Patent Document 1 discloses a method for component value in the impedance measured in advance by 
diagnosing a deterioration degree of an electrical connection 35 the measurement unit for the two new metal members , and 
portion between two metal members . In this document , a the diagnosis unit is configured to diagnose the deterio 
contact resistance of the electrical connection portion is ration degree of the electrical connection portion such that 
measured using a DC signal and data of the measured the deterioration degree of the electrical connection portion 
resistance value is accumulated in time series , so that a increases as a deviation of the reactance component value 
deterioration degree of the electrical connection portion is 40 from the initial value increases . 
diagnosed based on the accumulated time - series data . ( 3 ) In the deterioration degree diagnosis device according to 

Patent Document 1 : JP - A - 2002-277494 the above structure ( 1 ) or ( 2 ) , 
the metal member is formed of a plated metal base 

SUMMARY OF INVENTION material . 
45 ( 4 ) In the deterioration degree diagnosis device for an 

A male terminal and a female terminal of a connector are electrical connection portion according to any one of the 
usually shaped by a predetermined pressing , bending or the structures ( 1 ) to ( 3 ) , 
like of a plate - shape base material made of a base metal the predetermined frequency is 500 kHz to 2 MHz . 
which is a copper alloy or the like , and are often formed by According to the study of the inventor of the present 
performing base metal plating which is tin plating or the like 50 invention , the inventor has found that the reactance compo 
on a surface of the shaped base metal base material . nent ( imaginary component ) value in the impedance ( com 
As described above , in a structure in which two metal plex number ) related to the contact resistance of the elec 

members made of a base metal base material plated with a trical connection portion measured using the AC signal of 
base metal are electrically connected via an electrical con- the predetermined frequency has a strong correlation with 
nection portion , a contact resistance of the electrical con- 55 the deterioration degree of the electrical connection portion 
nection portion ( more specifically , an electrical resistance ( details are described later ) . Therefore , according to the 
value measured using a DC signal ) generally increases with deterioration degree diagnosis device according to the above 
passage of time ( and accordingly , with progress of an structure ( 1 ) , it is possible to accurately diagnose the dete 
oxidation reaction in a vicinity of the electrical connection rioration degree of the electrical connection portion between 
portion ) , while an increase tendency thereof is not mono- 60 the two metal members based on the correlation and the 
tonic increase ( details are described later ) . Therefore , it is reactance component value . 
difficult to accurately diagnose the deterioration degree of Specifically , the inventor of the present invention has 
the electrical connection portion based on the contact resis- found that , as the correlation , the reactance component value 
tance value of the electrical connection portion . As described gradually separates ( therefore , the deviation of the reactance 
above , for example , even in the structure in which two metal 65 component value from the initial value monotonously 
members made of a base metal base material plated with a increases ) in one direction ( more specifically , in a negative 
base metal are electrically connected via an electrical con- direction ) from the initial value ( value when the metal 

a 



a 

US 11,169,220 B2 
3 4 

member is new ) as the deterioration degree of the electrical In order to achieve the above object , the deterioration 
connection portion progresses from zero ( the metal member degree diagnosis method for the electrical connection por 
is new ) . tion according to the present invention is characterized by 
A reason is considered to be a fact that a degree , to which the following structure ( 5 ) . 

electrostatic capacitance due to the metal oxide having a 5 ( 5 ) A deterioration degree diagnosis method which diagno 
high dielectric constant generated in the vicinity of the ses a deterioration degree of an electrical connection 
electrical connection portion is added in the vicinity of the portion between two metal members , the deterioration 
electrical connection portion , monotonically increases with degree diagnosis method includes : 
the progress of the oxidation reaction in the vicinity of the a measurement step of measuring an impedance related to 
electrical connection portion so that the reactance compo 10 a contact resistance of the electrical connection portion by 
nent ( more specifically , the capacitive reactance component ) measuring an AC voltage between metal members and an 
changes in one direction . That is , it is considered that the AC current flowing between the metal members in a state 

where an AC signal of a predetermined frequency is applied reactance component value can accurately represent the to an electric circuit that connects two metal members in structural change degree ( degree to which the electrostatic 15 contact via the electrical connection portion ; and capacitance due to the metal oxide is added ) in the vicinity a diagnosis step of diagnosing a deterioration degree of of the electrical connection portion with the progress of the the electrical connection portion based on a reactance com deterioration degree of the electrical connection portion . ponent value in the impedance measured by the measure 
As described above , according to the deterioration degree ment step . 

diagnosis device according to the above structure ( 2 ) , the 20 According to the study of the inventor of the present 
deterioration degree of the electrical connection portion invention , the inventor has found that the reactance compo 
between the two metal members can be accurately diag- nent ( imaginary component ) value in the impedance ( com 
nosed since the deterioration degree of the electrical con- plex number ) related the contact resistance of the elec 
nection portion is diagnosed such that the deterioration trical connection portion measured using the AC signal of 
degree of the electrical connection portion increases as the 25 the predetermined frequency has a strong correlation with 
deviation of the reactance component value from the initial the deterioration degree of the electrical connection portion 
value increases . ( details are described later ) . Therefore , according to the 

The present inventor of the present invention has found deterioration degree diagnosis method according to the 
that , as the deterioration degree diagnosis device according above structure ( 5 ) , it is possible to accurately diagnose the 
to the above structure ( 3 ) , the deviation of the reactance 30 deterioration degree of the electrical connection portion 
component value from the initial value monotonously between the two metal members based on the correlation 
increases as the deterioration degree of the electrical con- and the reactance component value . 
nection portion progresses from zero even when the metal According to the present invention , it is possible to 
member is formed of a plated metal base material . A reason provide a deterioration degree diagnosis device and a dete 
is considered to be a fact that , a degree , to which electro- 35 rioration degree diagnosis method for an electrical connec 
static capacitance of oxide of each of the plating and the tion portion , which are capable of accurately diagnosing a 
metal base material is added in the vicinity of the electrical deterioration degree of an electrical connection portion 
connection portion , monotonically increases with the prog- between two metal members . 
ress of the oxidation reaction in the vicinity of the electrical The present invention is briefly described as above . 
connection portion even when the metal member is formed 40 Details of the present invention are further clarified by 
of the plated metal base material . Therefore , according to the reading through a mode described below for implementing 
deterioration degree diagnosis device according to the above the invention ( hereinafter , referred to as an “ embodiment ” ) 
structure ( 3 ) , the deterioration degree of the electrical con- with reference to accompanying drawings . 
nection portion between the two metal members can be 
accurately diagnosed even when the metal member is 45 BRIEF DESCRIPTION OF DRAWINGS 
formed of the plated metal base material . 

The inventor of the present invention has found that , an FIG . 1 is a schematic view illustrating a deterioration 
increase gradient of the “ deviation of the reactance compo- degree diagnosis device according to an embodiment of the 
nent value from the initial value ” , which increases as the present invention . 
deterioration degree of the electrical connection portion 50 FIG . 2 is a view illustrating an example of an electric 
increases from zero , is larger as the frequency of the AC circuit that connects two metal members . 
signal applied to the electric circuit increases . Accordingly , FIG . 3 is a graph showing an example of a relationship 
for example , as the deterioration degree diagnosis device between a number of micro - vibrations by an acceleration 
according to the above structure ( 4 ) , when a sufficiently test device and a contact resistance value ( resistance com 
large frequency of 500 kHz to 2 MHz is adopted as the 55 ponent value ) of the electrical connection portion when a 
frequency of the AC signal applied to the electric circuit , the DC signal is applied to the electric circuit by a DC power 
increase gradient of the “ deviation of the reactance compo- supply as a comparative example . 
nent value from the initial value ” with the progress of the FIG . 4 is a graph showing an example of the relationship 
deterioration degree of the electrical connection portion between the number of micro - vibrations by the acceleration 
becomes sufficiently large . Therefore , it is possible to use a 60 test device and impedance ( resistance component + reactance 
device with a sufficiently large measurement range ( in other component ) related to the contact resistance of the electrical 
words , the device that is less likely to be affected by noise ) connection portion when an AC signal of 2 MHz is applied 
as the impedance measurement device . In other words , even to the electric circuit by an AC power supply . 
in an environment where noise is relatively large , the FIG . 5 is a graph showing an example of the relationship 
reactance component value can be accurately measured , and 65 between the number of micro - vibrations by the acceleration 
thus the deterioration degree of the electrical connection test device and the impedance ( resistance component + reac 
portion can be accurately diagnosed . tance component ) related to the contact resistance of the 
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electrical connection portion when an AC signal of 1.5 MHz nosis device 1 is a device that is configured to diagnose a 
is applied to the electric circuit by the AC power supply . deterioration degree of an electrical connection portion of 

FIG . 6 is a graph showing an example of the relationship two metal members 40 , 50 in contact via an electrical 
between the number of micro - vibrations by the acceleration connection portion . 
test device and the impedance ( resistance component + reac- 5 Hereinafter , in describing the deterioration degree diag 
tance component ) related to the contact resistance of the nosis device 1 , as illustrated in FIG . 2 , a female terminal 40 
electrical connection portion when an AC signal of 1.2 MHz and a male terminal 50 of the connector are used as an 
is applied to the electric circuit by the AC power supply . example of the two metal members 40 , 50. As illustrated in 
FIG . 7 is a graph showing an example of the relationship FIG . 2 , in a state where a tab 51 of the male terminal 50 is 

between the number of micro - vibrations by the acceleration 10 inserted into tab receiving portion 41 of the female test device and the impedance ( resistance component + reac terminal 40 , the female terminal 40 and the male terminal 50 tance component ) related to the contact resistance of the are electrically connected by contacting a protruding portion electrical connection portion when an AC signal of 1.0 MHz 
is applied to the electric circuit by the AC power supply . 42 protruding inward from a predetermined position on an 
FIG . 8 is a graph showing an example of the relationship 15 inner peripheral surface of the tab receiving portion 41 with 

between the number of micro - vibrations by the acceleration a side surface of the tab 51. That is , a position at which the 
test device and the impedance ( resistance component + reac protruding portion 42 of the female terminal 40 and the side 
tance component ) related to the contact resistance of the surface of the tab 51 of the male terminal 50 contact each 
electrical connection portion when an AC signal of 800 kHz other forms the electrical connection portion of the female 
is applied to the electric circuit by the AC power supply . 20 terminal 40 and the male terminal 50 . 
FIG . 9 is a graph showing an example of the relationship Both the female terminal 40 and the male terminal 50 are 

between the number of micro - vibrations by the acceleration shaped by a predetermined pressing , bending or the like of 
test device and the impedance ( resistance component + reac- a plate - shape base material made of copper alloy , and are 
tance component ) related to the contact resistance of the formed by performing tin plating on a surface of the shaped 
electrical connection portion when an AC signal of 500 kHz 25 base material made of copper alloy . Therefore , in the new 
is applied to the electric circuit by the AC power supply . female terminal 40 and the male terminal 50 , a tin - plated 
FIG . 10 is a graph showing an example of the relationship layer of the female terminal 40 and a tin - plated layer of the 

between the number of micro - vibrations by the acceleration male terminal 50 are in contact with each other at the 
test device and the impedance ( resistance component + reac electrical connection portion . 
tance component ) related to the contact resistance of the 30 When an AC signal of a predetermined frequency is 
electrical connection portion when an AC signal of 200 kHz applied to an electric circuit by an AC power supply 11 
is applied to the electric circuit by the AC power supply . interposed in the electric circuit connecting the female 

FIG . 11 is a graph showing an example of the relationship terminal 40 and the male terminal 50 as illustrated in FIG . 
between the number of micro - vibrations by the acceleration 2 , the measurement device 10 measures an AC voltage ( AC 
test device and the impedance ( resistance component + reac- 35 voltage between V + and V- ) between the female terminal 40 
tance component ) related to the contact resistance of the and the male terminal 50 and an AC current ( AC current 
electrical connection portion when an AC signal of 100 kHz flowing between I + and 1- ) flowing between the female 
is applied to the electric circuit by the AC power supply . terminal 40 and the male terminal 50 using a four - terminal 

FIG . 12 is a graph showing an example of the relationship measurement method as illustrated in FIG . 1 to measure 
between the number of micro - vibrations by the acceleration 40 impedance ( resistance component + reactance component ) 
test device and the impedance ( resistance component + reac- related to contact resistance of the electrical connection 
tance component ) related to the contact resistance of the portion . 
electrical connection portion when an AC signal of 50 kHz The diagnosis device 20 is configured to diagnose a 
is applied to the electric circuit by the AC power supply . deterioration degree of the electrical connection portion 
FIG . 13 is a graph showing an example of the relationship 45 between the female terminal 40 and the male terminal 50 

between the number of micro - vibrations by the acceleration based on a reactance component value in the impedance 
test device and the impedance ( resistance component + reac- measured by the measurement device 10 . 
tance component ) related to the contact resistance of the Hereinafter , two types of preliminary tests performed so 
electrical connection portion when an AC signal of 10 kHz as to obtain a relationship between the deterioration degree 
is applied to the electric circuit by the AC power supply . 50 of the electrical connection portion between the female 

FIG . 14 is a graph showing an example of the relationship terminal 40 and the male terminal 50 and a contact resistance 
between the number of micro - vibrations by the acceleration value ( electrical resistance value measured using a DC 
test device and the impedance ( resistance component + reac- signal ) of the electrical connection portion are described as 
tance component ) related to the contact resistance of the preparation for describing such operation of the measure 
electrical connection portion when an AC signal of 1 kHz is 55 ment device 10 and the diagnosis device 20 . 
applied to the electric circuit by the AC power supply . First , the first preliminary test is described . In the first 

preliminary test , when a DC power supply is interposed 
DESCRIPTION OF EMBODIMENTS instead of the AC power supply 11 in the electric circuit 

illustrated in FIG . 2 and a predetermined DC signal is 
Embodiment 60 applied to the electric circuit by the DC power supply , the 

measurement device 10 measures a DC voltage ( DC voltage 
Hereinafter , a deterioration degree diagnosis device 1 between V + and V- ) between the female terminal 40 and the 

according to an embodiment of the present invention is male terminal 50 and a DC current ( DC current flowing 
described with reference to the drawings . As illustrated in between P + and I- ) flowing between the female terminal 40 
FIG . 1 , the degradation degree diagnosis device 1 includes 65 and the male terminal 50 to measure the contact resistance 
a measurement device 10 , a diagnosis device 20 , and an value ( electric resistance value measured using the DC 
acceleration test device 30. The deterioration degree diag- signal ) of the electrical connection portion . 
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Various samples with different deterioration degrees of nection portion increases due to an increase in an amount of 
the electrical connection portion are prepared as the female oxide of copper alloy generated in the vicinity of the 
terminal 40 and the male terminal 50 to be measured by the electrical connection portion in the copper alloy base mate 
measuring device 10. The acceleration test device 30 is used rial in the vicinity of the electrical connection portion that is 
so as to prepare the various samples of the female terminal 5 gradually scraped by the micro - vibrations and a decrease in 
40 and the male terminal 50 with different deterioration the area of the newly formed surface of the copper alloy base 
degrees of the electrical connection portion . material . 

The acceleration test device 30 is configured to perform As shown in FIG . 3 , the contact resistance ( electrical 
an acceleration test for accelerating a deterioration of the resistance value measured using the DC signal ) of the 
electrical connection portion between the female terminal 40 10 electrical connection portion generally increases with an 
and the male terminal 50. In the acceleration test , one of the increase in the number of times of micro - vibrations by the 
female terminal 40 and the male terminal 50 , which are in acceleration test device 30 ( that is , with progress of the 
contact with each other via the electrical connection portion , deterioration degree of the electrical connection portion or 
is slightly vibrated once per second with respect to another of an oxidation reaction in the vicinity of the 
of the female terminal 40 and the male terminal 50 at a 15 electrical connection portion ) , while an increase tendency 
predetermined minute amplitude ( for example , 50 um ) in an thereof is not monotonic increase . Therefore , it is difficult to 
axial direction ( fitting direction ) . In this acceleration test , a accurately diagnose the deterioration degree of the electrical 
deterioration degree of the electrical connection portion connection portion based on the contact resistance value of 
between the female terminal 40 and the male terminal 50 is the electrical connection portion . The first preliminary test 
larger as a number of times of micro - vibrations is larger . 20 has been described above . 

In the first preliminary test , various samples of the female Next , the second preliminary test is described . In the 
terminal 40 and the male terminal 50 with different number second preliminary test , when the AC signal of a predeter 
of times of micro - vibrations by the acceleration test device mined frequency is applied to the electric circuit by the AC 
30 are prepared . In order to obtain a relationship between a power supply 11 interposed in the electric circuit as illus 
number of times of micro - vibrations by the acceleration test 25 trated in FIG . 2 , the measurement device 10 measures the 
device 30 and the contact resistance value ( electrical resis- AC voltage ( AC voltage between V + and V- ) between the 
tance value measured using the DC signal ) of the electrical female terminal 40 and the male terminal 50 and an AC 
connection portion , for each sample , the contact resistance current ( AC current flowing between I + and 1- ) flowing 
value ( electrical resistance value measured using the DC between the female terminal 40 and the male terminal 50 
signal ) of the electrical connection portion is measured using 30 using the four - terminal measurement method as illustrated 
the measurement device 10 using the DC power supply as in FIG . 1 to measure the impedance ( resistance component + 
described above . Measurement results are shown in FIG . 3 . reactance component ) related to the contact resistance of the 
As can be understood from FIG . 3 , the contact resistance electrical connection portion . 2 MHz was adopted as the 

value of the electrical connection portion is substantially predetermined frequency . 
maintained at an initial value ( value when the number of 35 Similarly to the first preliminary test , in the second 
times of micro - vibrations is zero ) when the number of times preliminary test , various samples of the female terminal 40 
of micro - vibrations is from zero to about 10. Thereafter , the and the male terminal 50 with different number of times of 
contact resistance value gradually rises as the number of micro - vibrations by the acceleration test device 30 are 
times of micro - vibrations increases up to about 100 , and the prepared . Specifically , samples with the number of times of 
contact resistance value reaches once a peak when the 40 micro - vibrations of zero ( that is , the new female terminal 40 
number of times of micro - vibrations is about 100. Thereaf- and the new male terminal 50 ) , 10 , 70 , 200 and 2000 are 
ter , the contact resistance value gradually decreases as the each prepared for 10. In order to obtain the relationship 
number of times of micro - vibrations increases up to about between the number of times of micro - vibrations by the 
several hundred . Thereafter , the contact resistance value acceleration test device 30 and the impedance ( resistance 
rapidly increases , so that the electrical connection portion 45 component + reactance component ) related to the contact 
approaches an insulated state . resistance of the electrical connection portion , for each 

Here , it is considered that when the number of times of sample , the impedance is measured using the measurement 
micro - vibrations is from about 10 to about 100 , the contact device 10 using the AC power supply 11 with a frequency of 
resistance value of the electrical connection portion 2 MHz as described above . Measurement results are shown 
increases due to an increase in an amount of tin oxide 50 in FIG . 4. In FIG . 4 , a horizontal axis corresponds to the 
generated in a vicinity of the electrical connection portion in resistance component ( real number component ) of the 
the tin - plated layer in the vicinity of the electrical connec- impedance and a vertical axis corresponds to the reactance 
tion portion that is gradually scraped by the micro - vibrations component ( imaginary number component ) of the imped 
and a decrease in an area of a newly formed surface of tin . 
It is considered that when the contact resistance value of the 55 As can be understood from FIG . 4 , the resistance com 
electrical connection portion reaches the peak , the tin - plated ponent is almost irrelevant to the number of times of 
layer disappears and the copper alloy base material starts to micro - vibrations ( that is , the deterioration degree of the 
be exposed in the vicinity of the electrical connection electrical connection portion or a progress degree of the 
portion . It is considered that when the number of times of oxidation reaction in the vicinity of the electrical connection 
micro - vibrations is from about 100 to about several hundred , 60 portion ) by the acceleration test device 30. On the other 
the contact resistance value of the electrical connection hand , the reactance component gradually separates ( thus , 
portion decreases due to an increase in an area of a newly ( absolute value of ) deviation of the reactance component 
formed surface of the copper alloy base material in the value from the initial value monotonously increases ) in one 
vicinity of the electrical connection portion that is gradually direction ( more specifically ; in a negative direction ) from 
scraped by the micro - vibrations . It is considered that when 65 the initial value ( value when female terminal 40 and male 
the number of times of micro - vibrations is several hundred terminal 50 are new ) with the increase in the number of 
or more , the contact resistance value of the electrical con- times of micro - vibrations by the acceleration test device 30 
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( that is , with the progress of the deterioration degree of the degree of the electrical connection portion increases from 
electrical connection portion or with the progress of the zero , is larger as the frequency of the AC signal applied to 
oxidation reaction in the vicinity of the electrical connection the electric circuit increases . 
portion ) . In other words , the deviation of the reactance Accordingly , for example , as described above , when a 
component value from the initial value monotonously s sufficiently large frequency of 500 kHz to 2 MHz is adopted 
increases with the progress of the deterioration degree of the as the frequency of the AC signal applied to the electric 
electrical connection portion . As a result , using this devia circuit , as shown in FIG . 4 , the increase gradient of the 
tion , the deterioration degree of the electrical connection " deviation of the reactance component value from the initial 
portion can be diagnosed such that the deterioration degree value ” with the progress of the deterioration degree of the 
of the electrical connection portion increases as the devia- 10 electrical connection portion becomes sufficiently large . 
tion of the reactance component value from the initial value Therefore , it is possible to use a device with a sufficiently 
increases . large measurement range ( in other words , the device that is 
A reason of this result is considered to be a fact that a less likely to be affected by noise ) as the measurement 

device 10. In other words , even in an environment where degree , to which electrostatic capacitance of the metal oxide 15 noise is relatively large , the reactance component value can ( more specifically , oxide of each of the tin plating and the be accurately measured , and thus the deterioration degree of copper alloy base material ) having a high dielectric constant the electrical connection portion can be accurately diag generated in the vicinity of the electrical connection portion nosed . 
is added in the vicinity of the electrical connection portion , On the contrary , when the measurement device 10 is 
monotonically increases with the progress of the oxidation 20 disposed in an environment where noise is relatively small , 
reaction in the vicinity of the electrical connection portion so a device with a relatively small measurement range ( in other 
that the reactance component ( more specifically , the capaci- words , the device that is likely to be affected by noise ) can 
tive reactance component ) changes in one direction . That is , be used as the measurement device 10. As described above , 
it is considered that the reactance component value can the frequency of the AC signal applied to the electric circuit 
accurately represent the structural change degree ( degree to 25 can be appropriately determined to an optimal value based 
which the electrostatic capacitance due to the metal oxide is on the measurement range of the measurement device 10 
added ) in the vicinity of the electrical connection portion and an amount of noise in the environment in which the 
with the progress of the deterioration degree of the electrical measurement device 10 is disposed . 
connection portion . According to the deterioration degree diagnosis device 1 

Based on the above findings , in the deterioration degree 30 and the deterioration degree diagnosis method thereof 
diagnosis device 1 shown in FIG . 1 , the diagnosis device 20 according to the embodiment of the present invention , by 
stores the reactance component value in the impedance using a strong correlation ( see FIG . 4 ) between the reactance 
measured in advance by the measurement device 10 for the component ( imaginary component ) value in the impedance 
two new metal members 40 , 50 as the initial value . Further , 35 electrical connection portion measured using the AC signal ( complex number ) related to the contact resistance of the 
the diagnosis device 20 stores “ a correlation between the of the predetermined frequency and the deterioration degree deterioration degree of the electrical connection portion and of the electrical connection portion , it is possible to accu the deviation of the reactance component value from the rately diagnose the deterioration degree of the electrical initial value ” obtained from a result shown in FIG . 4 . connection portion between the two metal members 40 , 50 

Then , the diagnosis device 20 is configured to obtain the 40 based on the correlation and the reactance component value . 
deviation between the reactance component value in the 
impedance measured this time by the measurement device Other Embodiments 
10 for the two metal members 40 , 50 to be measured and the 
stored initial value to diagnose ( determine ) the deterioration The present invention is not limited to the above embodi 
degree of the electrical connection portion based on the 45 ment , and various modifications can be adopted within the 
deviation and the correlation . As a result , the degradation scope of the present invention . For example , the present 
degree of the electrical connection portion is diagnosed such invention is not limited to the above - described embodiment , 
that the deterioration degree of the electrical connection and can be appropriately modified , improved or the like . In 
portion increases as the deviation increases . The two metal addition , a material , a shape , a size , a number , an arrange 
members 40 , 50 that can be measured are limited to the two 50 ment position or the like of each constituent element in the 
metal members 40 , 50 used for the measurement of the above - described embodiment are optional as long as the 
initial value and the correlation stored in the diagnosis present invention can be achieved , and the present invention 
device 20 and those having the same shape and material as is not limited thereto . 
the two metal members 40 , 50 . In the above embodiment , the female terminal 40 and the 

Hereinafter , the frequency of the AC power supply 11 55 male terminal 50 in which tin plating is applied on the 
used by the measurement device 10 is described . The surface of the copper alloy base material are adopted as the 
inventor of the present invention repeatedly performs an two metal members 40 , 50. However , it is separately known 
additional test with the same contents as the above - described that a correlation that is the same as the correlation shown 
second preliminary test while changing the frequency of the in FIG . 4 can be obtained even in the case where the female 
AC power supply 11 to a frequency different from 2 MHz . 60 terminal 40 and the male terminal 50 in which plating 
Specifically , the additional test is performed at 1.5 MHz , 1.2 different from tin plating is applied on a surface of a metal 
MHz , 1 MHz , 800 kHz , 500 kHz , 200 kHz , 100 kHz , 50 base material different from the copper alloy base material 
kHz , 10 kHz and 1 kHz . These results are shown in FIGS . are adopted as the two metal members 40 , 50 , or even in the 
5 to 14 . case where the female terminal 40 and the male terminal 50 
As can be understood from FIGS . 4 to 14 , an increase 65 in which no plated layer is formed on the surface of the metal 

gradient of the " deviation of the reactance component value base material are adopted as the two metal members 40 , 50 . 
from the initial value ” , which increases as the deterioration Typical examples of the metal base material include copper , 
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aluminum and an aluminum alloy in addition to the copper a measurement step of measuring an impedance related to 
alloy . Typical examples of the plating include base metal a contact resistance of the electrical connection portion by 
plating including tin plating . Therefore , the present inven- measuring an AC voltage between the metal members ( 40 , 
tion can also be applied to the metal members 40 , 50 having 50 ) and an AC current flowing between the metal members 
these configurations . 5 ( 40 , 50 ) in a state where an AC signal of a predetermined 

frequency is applied to an electric circuit that connects the Further , in the above embodiment , the female terminal 40 two metal members ( 40 , 50 ) in contact via the electrical and the male terminal 50 of the connector are adopted as the connection portion ; and two metal members 40 , 50. However , any type of metal a diagnosis step of diagnosing a deterioration degree of 
members 40 , 50 , which are electrical connection portions the electrical connection portion based on a reactance com 
between an end portion of an electric wire and a terminal or ponent value in the impedance measured by the measure 
the like , may be adopted as long as they have a structure ment step . 
electrically connected via an electrical connection portion . What is claimed is : 
Further , the two metal members 40 , 50 may be members that 1. A deterioration degree diagnosis device which diagno 
are mounted on a vehicle or may be members that are not ses a deterioration degree of an electrical connection portion 

between two metal members , the deterioration degree diag mounted on a vehicle . nosis device comprising : Further , in the above embodiment , the measurement a measurement unit that is configured to measure an device 10 measures the impedance by using the four impedance related to a contact resistance of the elec 
terminal measurement method . However , it is needless to trical connection portion by measuring an AC voltage 
say that the measurement device 10 may measure the between the metal members and an AC current flowing 
impedance by using a two - terminal measurement method . between the metal members in a state where an AC 

Here , characteristics of the deterioration degree diagnosis signal of a predetermined frequency is applied to an 
device 1 and the deterioration degree diagnosis method electric circuit that connects the two metal members in 
according to the present invention are briefly summarized contact via the electrical connection portion ; and 
and listed in the following items ( 1 ) to ( 5 ) . a diagnosis unit that is configured to diagnose a deterio 
( 1 ) A deterioration degree diagnosis device ( 1 ) which diag ration degree of the electrical connection portion based 

on a reactance component value in the impedance noses a deterioration degree of an electrical connection measured by the measurement unit . 
portion between two metal members , the deterioration 2. The deterioration degree diagnosis device according to 
degree diagnosis device includes : claim 1 , 
a measurement unit ( 10 ) that is configured to measure an wherein the diagnosis unit stores , as an initial value , the 

impedance related to a contact resistance of the electrical reactance component value in the impedance measured 
connection portion by measuring an AC voltage between the in advance by the measurement unit for the two new 
metal members ( 40 , 50 ) and an AC current flowing between metal members , and 
the metal members ( 40 , 50 ) in a state where an AC signal of the diagnosis unit is configured to diagnose the deterio 
a predetermined frequency is applied to an electric circuit ration degree of the electrical connection portion such 

that the deterioration degree of the electrical connection that connects the two metal members ( 40 , 50 ) in contact via portion increases as a deviation of the reactance com the electrical connection portion ; and ponent value from the initial value increases . 
a diagnosis unit ( 20 ) that is configured to diagnose a 3. The deterioration degree diagnosis device according to 

deterioration degree of the electrical connection portion 40 claim 1 , 
based on a reactance component value in the impedance wherein the metal member is formed of a plated metal 
measured by the measurement unit ( 10 ) . base material . 
( 2 ) In the deterioration degree diagnosis device ( 1 ) accord 4. The deterioration degree diagnosis device according to 

ing to ( 1 ) , 
the diagnosis unit ( 20 ) stores , as an initial value , the 45 wherein the predetermined frequency is 500 kHz to 2 

MHz . reactance component value in the impedance measured in 
advance by the measurement unit ( 10 ) for the two new metal 5. A deterioration degree diagnosis method which diag 
members ( 40 , 50 ) , and noses a deterioration degree of an electrical connection 

the diagnosis unit ( 20 ) is configured to diagnose the portion between two metal members , the deterioration 
deterioration degree of the electrical connection portion such 50 degree diagnosis method comprising : 
that the deterioration degree of the electrical connection a measurement step of measuring an impedance related to 
portion increases as a deviation of the reactance component a contact resistance of the electrical connection portion 
value from the initial value increases . by measuring an AC voltage between the metal mem 
( 3 ) In the deterioration degree diagnosis device ( 1 ) accord bers and an AC current flowing between the metal 

ing to ( 1 ) or ( 2 ) , the metal member ( 40 , 50 ) is formed of 55 members in a state where an AC signal of a predeter 
a plated metal base material . mined frequency is applied to an electric circuit that 

connects the two metal members in contact via the ( 4 ) In the deterioration degree diagnosis device ( 1 ) accord electrical connection portion ; and ing to any one of ( 1 ) to ( 3 ) , the predetermined frequency 
is 500 kHz to 2 MHz . a diagnosis step of diagnosing a deterioration degree of 

the electrical connection portion based on a reactance ( 5 ) A deterioration degree diagnosis method which diagno- 60 
ses a deterioration degree of an electrical connection component value in the impedance measured by the 

measurement step . portion between two metal members , the deterioration 
degree diagnosis method includes : 

35 

claim 1 , 


